ABSTRACT
INTRODUCTION
The determination of chemical abundances in cosmic objects started 150 years ago, when Gustav Kirchhoff and Robert Bunsen discovered the laws of spectroscopy and founded the theory of spectrum analysis. In particular, they discovered that each atom exhibits a specific pattern of spectral lines, and that, therefore, by observing an object's spectrum, one can deduce, among other things, its composition and physical conditions. Kirchhoff applied spectral analysis techniques to study the chemical composition of the Sun. Many astronomers and physicists have made subsequent contributions to the theory of spectrum analysis. However, at the present time, the equations linking the abundance of a chemical element to the measured line fluxes are still not beyond dispute.
Accurate oxygen abundances in H ii regions can be derived via the classic Te method, often referred to as the direct method. First, the electron temperature t3 within the [O iii] zone and the electron temperature t2 within the [O ii] zone are determined. Then the abundance is derived using the equations linking the ionic abundances to the measured line intensities and electron temperature. λ5755) is used for the t2 determination. It is common practice to derive one value of the electron temperature t3 or t2 from the measured indicator Q3,O or Q2,N and to use the t2-t3 relation for the determination of the other electron temperature. Thus, in many cases, the abundances derived by the direct method are dependent on the adopted t2-t3 relation. Those direct abundances are at the base of some recent empirical calibrations (Pilyugin 2000 (Pilyugin , 2001 (Pilyugin , 2003 Pilyugin & Thuan 2005; Pettini & Pagel 2004) . So the abundances derived through those empirical calibrations are also dependent on the adopted t2-t3 relation.
H ii region models are widely used to establish the t2-t3 relation. It is commonly accepted that there is one-to-one correspondence between the t2 and t3 electron temperatures. Several versions of a one-dimensional t2-t3 relation have been proposed. A widely used version is that by Campbell, Terlevich & Melnick (1986) (see also Garnett (1992) ) based on the H ii region models of Stasińska (1982) . Other relations have been proposed by Pagel et al. (1992) ; Izotov, Thuan & Lipovetsky (1997) (based on H ii region model calculations by Stasińska (1990) ), and Deharveng et al. (2000) (based on H ii re-gion model calculations by Stasińska & Schaerer (1997) ). Oey & Shields (2000) have found that the relation of Campbell, Terlevich & Melnick (1986) is reasonable for t3 > 1.0 (t3 is in units of 10 4 K), however at lower temperatures, the models are more consistent with an isothermal nebula. We have derived a t2-t3 relation based on the idea that the Te method equation for O ++ /H + applied to the O ++ zone and that for O + /H + applied to the O + zone must result in the same value of the oxygen abundance (Pilyugin, Vílchez & Thuan 2006) .
There have been several attempts to establish the t2-t3 relation using direct measurements of both t2 and t3 in H ii regions. Kennicutt, Bresolin & Garnett (2003) have used the measured Q3,O and Q2,O values to derive t3,O and t2,O, respectively, for a number of H ii regions in nearby galaxies. Comparing t2,O to t3,O, they found the surprising result that the two temperatures are uncorrelated for most of the objects in their sample. They noted that, while the exact cause of the absence of correlation is not known, a possible explanation is the contribution of recombination processes to the population of the level giving rise to the [O ii]λ7320+λ7330 lines. Izotov et al. (2006) found a correlation between the t2,O and t3,O derived for a sample of low-metallicity SDSS H ii regions. Their t2,O-t3,O relation follows that predicted by photoionization models, but the scatter of the data points is large. Izotov et al. (2006) attributed the large scatter to substantial flux errors of the weak [O ii]λ7320 + λ7330 emission lines.
Another interpretation of the scatter in the t2-t3 diagram has been proposed. Hägele et al. (2006 Hägele et al. ( , 2008 and Pilyugin (2007) have suggested that there is not a oneto-one correspondance between t2 and t3, but that the t2-t3 relation is dependent on some parameter such as electron density or excitation parameter. On the other hand, Pilyugin et al. (2009) have found that there is a one-to-one correspondence between t2 and t3 for H ii regions in nearby galaxies with weak nebular R3 lines (logR3 0.5, see the definition of R3 below). However, H ii regions with strong nebular R3 lines (logR3 0.5) do not follow this relation. As a result, the one-to-one correspondence between t2 and t3 disappears if a sample contains H ii regions with both weak and strong R3 lines.
We wish to study here the t2,O-t3,O relation, using a large sample of H ii regions extracted from the Sloan Digital Sky Survey (SDSS). The paper is organised as follows. The SDSS H ii region sample is described in Section 2. The t2,Ot3,O diagram is discussed in Section 3. The origin of the scatter in that diagram is examined in Section 4. Section 5 presents the conclusions.
Throughout the paper, we will be using the following notations for the line fluxes:
With these definitions, the excitation parameter P can be expressed as: P = R3/(R2+R3), and the temperature indicators Q2,O and Q3,O can be expressed as:
The electron temperatures will be given in units of 10 4 K. Applying these criteria, we selected around 400 spectra out of the original 1 200 000 in the DR6. Although we visually inspected all spectra, we do not claim any completeness for our sample. The line intensities in the selected SDSS spectra of the H ii regions have been measured in the way described in Pilyugin & Thuan (2007) . In brief, it can be illustrated by the following example concerning the Hα line. The continuum flux level in the wavelength range from λa = 6500Å to λ b = 6650Å is approximated by the linear expression
The values of the coefficients in Eq.
(1) are derived by an iteration procedure. In the first step, the Hα line region, from 6540Å to 6590Å is excluded, and all other data points are used to derive a first set of coefficients, using the leastsquares method. Then, the point with the largest deviation is rejected, and a new set of coefficients is derived. The iteration procedure is continued until the differences between two successive values of f c (λa) and fc(λ b ) are less than 0.01fc(λa) and 0.01fc(λ b ) respectively. The profile of each line is approximated by a Gaussian of the form
where λ0 is the central wavelength, σ is the width of the line, and F is the flux in the emission line. If there is absorption, then this line is fitted by two Gaussians simultaneously. In this case, the total flux at a fixed value of λ is given by the expression
The values of F (Hα, em), λ0(Hα, em), σ(Hα, em), F (Hα, abs), λ0(Hα, abs), σ(Hα, abs), are derived by requiring the mean difference
between the measured flux f obs (λ k ) and the flux f (λ k ) given by Eq.(3) to be minimum in the range λa -λ b . A similar procedure is adopted in the cases of overlapping lines (e.g.
[O ii]λ3727 and [O ii]λ3729). H ii regions in nearby galaxies (a compilation of data from Pilyugin, Vílchez & Contini (2004) ) (lower panel). The continuous line separates objects with a H ii region-like spectrum from those containing an active galactic nucleus (Kauffmann et al. 2003) .
In the majority of cases, the profile of each line is well fitted by a Gaussian since only spectra with smooth line profiles were selected. Thus, the uncertainties in the continuum level determination seem to make a dominant contribution to the uncertainties in the measurements of the weak auroral lines. The value of ǫ (Eq.(4)) is the mean uncertainty in the measurements of the flux in a single spectral interval. If we interpret this value as the uncertainty in the continuum level determination, the formal uncertainty in the measurements of the weak line intensity due to the uncertainty in the continuum level determination can be estimated as ǫF = nǫ, where n is the number of points within the line profile.
Alternatively, the formal uncertainty in the weak line measurements defined in such a way can be interpreted as if The open circles show the SDSS H ii regions. The solid line shows the zero-density limit (Ne=1 cm −3 ), the dashed line corresponds to the electron density Ne=100 cm −3 , and the dotted line corresponds to the electron density Ne=200 cm −3 . the value of the continuum level is derived exactly and each point within the line profile involves an error equal to the mean uncertainty ǫ and all the errors have the same sign. One can expect that the formal uncertainty defined as ǫF = nǫ is close to the maximum possible error and that the real uncertainty in the line measurements is appreciably lower than this value. Consequently, the condition ǫF < 0.5, when applied to both auroral lines [O iii]λ4363 and [O ii]λ7325, should select only objects with relatively precise line measurements, even though some objects with good measurements will be lost. The measured emission fluxes are then corrected for interstellar reddening using the theoretical Hα to Hβ ratio and the analytical approximation to the Whitford interstellar reddening law from Izotov, Thuan & Lipovetsky (1994) . In several cases, the derived value of the extinction c(Hβ) is negative and is set to zero.
The dereddened line intensities of the H ii regions in the final list are given in Table A1 of the Appendix, available on line. The line intensities are given on a scale in which I(Hβ) = 1. The objects are listed in order of right ascension. The first column gives the order number of the ob-ject. The J2000.0 right ascension and declination of each object are given in columns 2 and 3 respectively. They are the SDSS identificators of each object. Right ascensions are in units of hours, minutes and seconds and declinations are in units of degrees, arcminutes, and arcseconds. The SDSS spectrum number, (composed of the plate number, the modified Julian date of observations and the number of the fiber on the plate) is listed in column 4. The mea-
line intensities are given in columns from 5 to 10 respectively.
Our final list includes only high-metallicity objects, those with 12+log(O/H) 8.2, which gives a total of 181 H ii region spectra. (The oxygen abundances were estimated using the measured electron temperatures t3,O and t2,O.) Several H ii regions have repeated observations (7 objects have 2 spectra, and 5 objects have 3 spectra) so that the number of H ii regions (164) is less than the number of spectra (181). We have excluded low-metallicity H ii regions from the present study for the following reason.
A key part of our analysis rests on the comparison between two t2,O-t3,O diagrams, one for SDSS H ii regions and the other one for H ii regions in nearby galaxies. In a previous study (Pilyugin et al. 2009 ), we have considered the t2,O-t3,O diagram for high-metallicity H ii (12+log(O/H) 8.2) regions in nearby galaxies. We have fitted the t2,O-t3,O relation by the expression of the type
The t2,O-t3,O diagram exhibits some non-linearity. This nonlinearity may be explained in two ways: it is artificial and caused by the linear form adopted for the f f relations for both [O iii] and [O ii] lines (recall that the f f relation, or the flux-flux relation, links the auroral and nebular oxygen line fluxes in spectra of H ii regions). Perhaps a more complex expression may give a better fit to the f f relations. It may also be that the linear expression adopted for the t2,O-t3,O relation is not a good approximation, and that an expression of the type,
as suggested by Pagel et al. (1992) , is more realistic. Thus, the relations derived by Pilyugin et al. (2009) may be considered as a first-order approximation. Extrapolation of the t2,O-t3,O relation established for high-metallicity objects (12+log(O/H) 8.2) to the low-metallicity range may be unreliable. Therefore, only high-metallicity SDSS H ii regions are considered here. The low-metallicity ones will be discussed elsewhere.
The wavelength range of the SDSS spectra is 3800 -9300Å so that for nearby galaxies with redshift z 0.02, the [O ii]λ3727+λ3729 emission line is out of that range. The absence of this line prevents the determination of the oxygen abundance and hence the use of SDSS spectra of nearby galaxies in our study. Thus, the galaxies in our sample have redshifts ranging between ∼ 0.023 and ∼ 0.167, i.e. they are more distant than ∼ 100 Mpc.
For comparison with the SDSS H ii region sample, we will be using the data for high-metallicity (12+log(O/H) 8.2) single H ii regions in nearby galaxies for which recent measurements of t3 and t2 are available. Such data have been compiled by Pilyugin et al. (2009) . We have added to this compilation the recent spectrophotometric measurements of Bresolin et al. (2009a,b) ; Esteban et al. (2009); Saviane et al. (2008) .
General properties of the SDSS HII region sample
We now discuss some general characteristics of the SDSS H ii region sample. The intensities of strong, easily measured lines can be used to separate different types of emission-line objects according to their main excitation mechanism. Baldwin, Phillips & Terlevich (1981) , with the majority of them having Ne 100 cm −3 . They are thus all in the low-density regime, as is typical of the majority of extragalactic H ii regions ( Zaritsky, Kennicutt & Huchra 1994; Bresolin et al. 2005) . A few SDSS H ii regions in the original sample had Ne greater than 200 cm −3 , but they were excluded from the final sample so that the low-density approximation can be adopted for subsequent analysis. To determine the electron temperature, Ne=50 cm −3 has been adopted for all the objects in our final sample. In the electron temperature determination, we have assumed that the H ii region is homogeneous and that there is no large difference between the electron densities in different ionic zones such as those of the S + , O + , and O ++ ions. If this is not the case, the electron temperatures estimated from Ne(S + ) can have appreciable errors depending on the change of density across the nebula. in Pilyugin et al. (2009) . Examination of Fig. 3 shows that the SDSS H ii region points fall in the part of the diagram populated by the H ii regions in nearby galaxies. This is in agreement with result of Stasińska & Izotov (2003) .
An important characteristic of a H ii region is the number of the ionizing stars it contains. Under the assumption of an ionization-bounded and dust-free nebula, the Hβ luminosity provides an estimate of the ionizing flux. The ionizing flux can be expressed in terms of the number of so-called equivalent O stars of a given subtype responsible for producing the ionizing luminosity. The number of zeroage main sequense O7 V stars, NO7 V , is usually used to specify the ionizing flux. It can be easily derived from the observed Hβ luminosity and the Lyman continuum flux of an individual O7 V star. The number of ionizing photons from an O7 V star is taken to be NLc = 5.62×10 48 s −1 (Martins, Schaerer & Hillier 2005) . The distances to SDSS galaxies are calculated using :
where d is the distance in Mpc, c the light velocity in km s −1 , z the redshift, and Ho the Hubble constant taken to be equal to 72 (±8) km s −1 Mpc −1 (Freedman et al. 2001) . In general, the Hβ flux can be affected by underlying absorption and extinction. Underlying absorption is automatically taken into account since we fit the Hβ line profile with two Gaussians for emission and absorption simultaneously. We do not correct the Hβ flux for extinction, so the derived numbers of ionizing stars are lower limits. The B magnitude of the SDSS galaxy is obtained from the SDSS mg and mr magnitudes from the relation
derived from the data of Fukugita et al. (1996) . The SDSS galaxies in our sample are shown by filled circles in the NO7 V vs. LB diagram (Fig. 4) . Kennicutt (1988) has given (Bresolin et al. 2009b) , filled (blue) triangles (Esteban et al. 2009 ), and open (red) circles (data from other sources). The solid line shows the t 2,O -t 3,O relation derived for H ii regions in nearby galaxies (Pilyugin et al. 2009 ). The figure is in colour in the on-line version of the paper.
the mean Hα fluxes for the three brightest H ii regions in a sample of nearby galaxies. Those fluxes, converted to equivalent numbers of O7 V stars are shown in the same figure by open circles. Fig. 4 shows that the SDSS H ii regions contain many more (up to ∼3 order of magnitude) ionizing stars, when compared to the brightest H ii regions in nearby galaxies. This is not a surprising result. On the one hand, the SDSS H ii regions suffer from a strong selection effect since, for distant galaxies, the weak bright H ii regions. On the other hand, the SDSS spectra are obtained through 3-arcsec diameter fibers. The redshifts of our SDSS sample range from ∼0.025 to ∼0.17. At a redshift of z=0.025, the projected aperture diameter is ∼ 1.5 kpc, while it is ∼ 10 kpc at a redshift of z=0.17. This suggests that SDSS spectra are closer to global spectra of galaxies, i.e. composite nebulae including multiple star clusters, rather than to spectra of individual H ii regions.
THE t2 -tDIAGRAM
To convert the quantities Q3,O and Q2,O to the electron temperatures t3,O and t2,O, we have used the five-levelatom model, together with recent atomic data for the O + and O ++ ions. The Einstein coefficients of the spontaneous transitions for the five low-lying levels for both ions were taken from Froese Fisher & Tachiev (2004) . The energy levels were taken from Edlén (1985) for O ++ and from Wenåker (1990) for O + . The effective cross-sections, or effective collision strengths, for electron impact were taken from Aggarwal & Keenan (1999) for O ++ and from Pradhan et. al. (2006) for O + . We have fitted their tabulated data by a second-order polynomial in temperature. The derived t3,O and t2,O are listed respectively in columns 11 and 12 of Table A1 in the Appendix, available on line. Table 1 .
derived for H ii regions in nearby galaxies (Pilyugin et al. 2009) . It is of the form:
Fig. 5 shows that some H ii regions lie above that relation. It has been found (Pilyugin et al. 2009 ) that H ii regions with strong nebular R3 line fluxes do not follow the t2,O-t3,O relation: they are shifted towards higher t2,O temperatures. This shift can be caused by the fact that the low-lying metastable levels in some ions can be excited not only by the electron collisions, but also by recombination processes (Rubin 1986; Liu et al. 2000; Stasińska 2005 ).
Since recombination-excited emission of [O ii] in the auroral λ7325 radiation will occur in the O ++ zone, the effect on the collision-excited lines will depend on the R3 line flux. As a result, one may expect a significant shift toward higher values of t2,O for H ii regions with strong R3 line fluxes.
Examination of Fig. 5 clearly shows that there is a large scatter of t2,O for a given t3,O. Moreover, the majority of the SDSS H ii regions lie below the t2,O-t3,O relation established for H ii regions in nearby galaxies. Although the SDSS H ii regions have strong nebular R3 line fluxes, they lie below, not above the solid line as the H ii regions with strong nebular R3 line fluxes in nearby galaxies. In conjunction with the Fig. 6 shows that the typical scatter between individual measurements of both t2,O and t3,O is usually less than ∼ 1000 K. This can be considered as an estimate of the uncertainties in the electron temperature measurements. Then, these uncertainties are considerably less than the observed scatter and shift of the SDSS H ii regions in the t2,O-t3,O diagram.
We define the deviation ∆t2,O of t2,O from the t2,O-t3,O relation as the difference between the measured t2,O and that obtained from the t2,O-t3,O relation for a given t3,O. 
where X is successively log([S ii]λ6717/[S ii]λ6731), P , and log(R3). The derived coefficients a0 and a1 and the correlation coefficients are given in Table 1 . The derived relations are shown in Fig. 7 by solid lines. It is seen that the deviations ∆t2,O do not correlate strongly with electron density, but do show some weak correlation (the correlation coefficient ia ∼0.5) with P and R3.
ON A POSSIBLE ORIGIN OF THE SCATTER IN THE t2 -t3 DIAGRAM
We have remarked above that that the spectra of the SDSS H ii regions correspond more to those of composite nebulae than to those of individual H ii regions. Can this be responsible for the scatter and shift of the SDSS H ii regions relative to the t2,O-t3,O relation? Table 2 . The solid line shows the t 2,O -t 3,O relation derived for H ii regions in nearby galaxies (Pilyugin et al. 2009 ). The figure is in colour in the on-line version of the paper. Ercolano, Bastian & Stasińska (2007) have shown that the temperature structure of models with centrally concentrated ionizing sources may be quite different from those of models where the ionizing sources are randomly distributed within the volume, with generally non-overlapping Strömgren spheres. These differences may contribute to the scatter the t2,O -t3,O diagram. The models of Ercolano, Bastian & Stasińska (2007) are shown along with the SDSS and nearby galaxy samples in the t2,O-t3,O diagram in Fig. 8 . The key for the different model symbols is given in Table 2 . Examination of Fig. 8 shows that the positions of the composite nebulae, consisting of several distributed H ii regions, are indeed shifted lower relatively to the positions of the single nebulae. However, the predicted shift is considerably smaller than the observed shifts of the SDSS and nearby galaxy data points (plus signs).
The composite nebula can be ionised by sources of different temperatures. Ercolano, Bastian & Stasińska (2007) have considered the case of an ionising set composed of two stellar populations, a 37 M ⊙ and a 56 M ⊙ population, with half of the ionising photon being emitted by each population. These masses correspond to stars of spectral types O5 and O3 respectively (Martins, Schaerer & Hillier 2005 Fig. 9 . If the H ii region line fluxes are given on a scale where F (Hβ)=1, then the total F (Hβ) flux of the composite H ii region is given by the expression:
and the flux F (X λ k ) of the composite H ii region in the line X λ k is given by:
where n is the number of components in the composite H ii region, which we take to be equal to 18, and wj are numbers between 0 and 1 produced by a random number generator. We have performed 100 Monte Carlo runs, producing in each run an artificial spectrum of composite H ii regions. For every computed spectrum, we have estimated the electron temperatures t2,O and t3,O. The positions of those artificial composite H ii regions in the t2,O-t3,O diagram are shown by open (black) circles in Fig. 9 . The model points are shifted below the solid line, but again the shift is rather small.
We next decrease the number of components to 3, with each component being widely separated in temperature from the others. They are shown by (red) triangles in the top panel of Fig. 10 . We have computed 200 artificial spectra of composite H ii regions. Like before, the contribution of Fig. 10 . In this case, w1 and w2 are not random numbers, but are chosen so that w1 varies from 0 to 1 with a step of 0.05 and w2 = 1-w1. Again, those composite H ii regions are significantly shifted from the t2,O-t3,O relation, although they again do not reproduce the positions of the SDSS objects with the largest shifts. However, examination of Fig. 10 suggests that the SDSS objects with the largest shifts, if real, can be reproduced by a composite object where the hot component has t2,O ∼ 1.3 and the cool component t2,O ∼ 0.8. Unfortunately, we cannot test directly this expectation since the data for an actual H ii region with both t2,O and t3,O measured, which follows the t2,O-t3,O relation, and with t2,O ∼ 0.8 is not available.
In summary, the observed t2,O-t3,O diagram can be understood if the SDSS H ii regions are composites of a few H ii regions with different emission line properties. The evo- lution of H ii regions associated with stars and star clusters has been considered in many papers (Stasińska 1978 (Stasińska , 1980 Variations of the ionizing star cluster spectral energy distribution are governed by two independent parameters: age and metallicity. Then, the shifted SDSS H ii regions should consist of components of different ages or/and different metallicities. Of these two parameters, which is mainly responsible for the differences in the emission line properties of the components of the SDSS H ii regions? Because of radial abundance gradients in the disks of spiral galaxies, the oxygen abundances in H ii regions near the center of a galaxy and those at the periphery can differ by up to an order of magnitude (Pilyugin, Vílchez & Contini 2004 ). We noted above that the SDSS spectra are obtained through 3-arcsec diameter fibers, and the projected aperture diameter increases with redshift, up to ∼ 10 kpc at the redshift of z = 0.17. The range of galactocentric distances and, consequently, the range of metallicities of H ii regions which contribute to the SDSS spectra, is larger for distant than for nearby galaxies. If metallicity variations are responsible for the differences in the emission line properties of the H ii regions which contribute to the SDSS spectra, then the deviations of these H ii regions from the t2,O-t3,O relation should increase with redshift. In Fig. 11 , we plot the deviations ∆t2,O of the SDSS objects as a function of redshift. There is not a significant correlation.
This suggests that age is the main factor of the scatter of the SDSS H ii regions rather than metallicity. It should be noted, however, that the evolution of H ii regions associated with star clusters is generally accompanied by a variation of its chemical composition through a self-enrichment process (Kunth & Sargent 1986; Pilyugin 1992 Pilyugin , 1993 ). Then young and old H ii regions can have different chemical compositions. However these chemical differences are not seen in optical spectra of H ii regions that are only several million years old. Thus, we conclude that it is the differences in the ionizing star cluster spectral energy distributions, caused by their age variations, that are responsible for the differences in the emission-line properties of the H ii regions in SDSS galaxies.
Our explanation of the observed scatter and shift of the SDSS H ii regions in the t2,O-t3,O diagram is based on the hypothesis that SDSS spectra result from a mix of H ii regions ionized by sources of different temperatures. This hypothesis is in line with results derived from considerations of other diagrams. Stasińska & Izotov (2003) (2001) have concluded that the best fits of emission-line ratios in starburst and H ii galaxies are obtained with a combination of a high-and lowionization components. In terms of the present study, those conclusions mean that giant H ii objects with the larges [O ii]λ3727 fluxes are composite H ii regions. Dopita et al. (2006) have modeled a H ii region associated with star clusters where stars are being formed continuously. They have computed line flux-averaged spectra along evolutionary tracks of H ii regions, and have found that the older evolved H ii regions make a significant contribution to the low-ionization lines (e.g. [O ii]λ3727), while high-ionization lines, such as [O iii]λ4959+λ5007, will be mostly produced in the very youngest H ii regions. In the light of our present results, one can expect the following picture for the models of Dopita et al. (2006) . Continuous star formation can be considered as a sequence of many substarbursts of different ages, i.e. as a sequence of many ionizing sources with different spectral energy distributions. If all the substarbursts have a similar amplitude, i.e. if there are no large variations in the star formation rate, then the associated H ii regions will lie close to the t2,O-t3,O relation (Fig. 9) . On the other hand, if a few substarbursts have a significantly higher amplitude, i.e. if the star formation rate varies appreciably, then the associated H ii regions will show significant deviations from the t2,O-t3,O relation (Fig. 10) .
To summarize, the presence of low-ionization components in giant H ii regions appears to be substantiated by a number of different investigations. However, their origin is not yet clear. Are they old and cold H ii regions as suggested by Dopita et al. (2006) , or are they the "low-ionization components excited by an additional heating mechanism" as suggested by Stasińska, Schaerer & Leitherer (2001) , or are they the diffuse ionized medium? A detailed study of very cold H ii regions can clarify this matter. the H ii regions of nearby galaxies. At the same time, the number of equivalent O7 V stars in the H ii regions of the SDSS sample is considerably larger (up to three orders of magnitude) than that in the brightest H ii regions in nearby galaxies.
CONCLUSIONS

Spectra of H ii
The t2,O-t3,O diagram for the SDSS sample is examined. It is found that there is a large scatter of the t2,O electron temperature, for a given t3,O electron temperature. The majority of the SDSS H ii regions lie below the t2,O-t3,O relation obtained for H ii regions in nearby galaxies, i.e. they show a systematic shift towards lower t2,O temperatures or/and towards higher t3,O temperatures.
The observed scatter and shift of the SDSS H ii regions in the t2,O-t3,O diagram can be explained if the SDSS spectra correspond to a mix of H ii regions ionized by sources of different temperatures. The sources of ionization can be centrally concentrated or distributed within the H ii region volume. In the latter case, there is an additional scatter as found by Ercolano, Bastian & Stasińska (2007) . Table A1 contains the dereddened line intensities and the electron temperatures of the SDSS H ii regions. The line intensities are given on a scale in which Hβ =1. The objects are listed in order of right ascension. The first column gives the order number of the object. The J2000.0 right ascension and declination of each object are given in columns 2 and 3 respectively. They constitute the SDSS identificator of each object. Units of right ascension are hours, minutes, and seconds and units of declination are degrees, arcminutes, and arcseconds. The SDSS spectrum number, composed of the plate number, the modified Julian date of observations and the number of the fiber on the plate, is given in column 4. The mea-
line intensities are listed in columns from 5 to 10 respectively. The derived electron temperatures t3,O and t2,O are given in columns 11 and 12 respectively. Table A1 . Dereddened line intensities and electron temperatures of a sample of HII regions in SDSS galaxies. The line intensities are given on a scale in which Hβ=1. Table A1 . Continued. 
